Background: The relationship between personality and health is frequently studied in scientific research. This study investigated the clinical/biochemical course of kidney transplant patients based on personality traits. Methods: A longitudinal study assessed 114 kidney transplant patients (men ¼ 68 and women-¼ 46) with an average age of 47.72 years (SD ¼ 11.4). Personality was evaluated using the Brazilian Factorial Personality Inventory (BFP/Big Five Model). Clinical variables were analyzed based on patient charts (estimated glomerular filtration rate (eGFR), hypertension, acute rejection, infection, graft loss, and death). Personality types were assessed by hierarchical cluster analysis. Results: Two groups with personality types were differentiated by psychological characteristics: Cluster 1 -average neuroticism, high surgency, agreeableness and conscientiousness, and low openness; Cluster 2 -high neuroticism, average surgency and agreeableness, average conscientiousness, and low openness. There was no statistically significant difference between the clusters in terms of hypertension, acute infection, graft loss, death, and Human Leukocyte Antigen (HLA) I and II panel reactive antibodies. eGFR was associated with the personality types. Cluster 2 was associated with a better renal function in the 9-month follow-up period after kidney transplantation. Conclusion: In this study, patients from Cluster 2 exhibited higher eGFR 9 months after the transplant procedure compared to those from Cluster 1. Monitoring these patients over a longer period may provide a better understanding of the relationship between personality traits and clinical course during the post-transplant period.
Introduction
Personality traits have been linked to health, including when assessing kidney transplant patients. Chronic kidney disease (CKD) patients with high levels of neuroticism exhibited a 37.5% higher mortality rate than those with average scores in this trait. 1 Similarly, neuroticism can be a significant predictor of depression in CKD patients on the transplant list. 2 Surgency reflects the area of relationships and has proved to be related to self-care in CKD patients on the transplant list. 3 Agreeableness, in turn, is associated with the quality of interpersonal relationships. Research indicates that agreeableness is related to health promotion behavior and adaptation to dialysis. 4, 5 Patients on the transplant list with low conscientiousness scores exhibited non-adherence to immunosuppressive therapy less than a year after transplantation. 6 In addition, CKD patients with low conscientiousness score showed a 36.4% increase in mortality in relation to the average obtained from the population. 7, 1 Kidney transplant patients with low openness scores were 91% more likely not to adhere to treatment. 8 A number of studies have focused on the influence of personality traits on health behaviors, 9, 10, 4 while others have assessed the relationship between personality and biological health indicators. 11, 12 Personality traits are typically analyzed using the Big Five Model, associating levels of these traits with the development or maintenance of different pathologies, 5, [12] [13] [14] but researchers are seeking to understand how combinations of personality traits are related to individual health. Most studies evaluate the big five personality traits individually [3] [4] [5] 9 ; however, the current research proposes assessing the big five traits based on the idea of personality types. In adults, the proposed model used cluster analysis. 15 Studies investigating personality types applied the statistical cluster analysis method. 15, 16 Although personality traits are often studied separately, they are interconnected in individuals and form different types of combinations. 17 Certain combinations of traits are likely more associated with health than individual traits. 17 Thus, it is possible for personality traits to be interpreted as a whole, producing personality types. 18 
Materials and methods

Studio design
A longitudinal design with clinical/biochemical assessments of kidney transplant patients 3, 6, and 9 months after surgery. Personality and socio-demographic data were collected on a single occasion following transplantation.
Setting and participants
Participants were 114 adult patients (68 women; 59.6% of the sample) aged between 20 and 64 years (average ¼ 47.7 years; SD ¼ 11.4), who had undergone their first kidney transplant at a transplant center (Brazil) between January 2012 and December 2013. Inclusion criteria were kidney transplant patients (cadaveric or living donor) aged between 18 and 65 years; first kidney transplant without the need for dialysis in the third month of follow-up. Replacement therapy of renal function used prior to transplantation was hemodialysis. Not included in the study were patients with transplanted kidney who died before the interview; who died before the third month after transplantation; whose renal graft failed and who returned to dialysis before the third postoperative month; or when it was perceived there was difficulty in comprehension in answering the questionnaire.
The first stage of data collection involved gathering socio-demographic and clinical information and applying the post-transplant personality assessment. Clinical/ biochemical data on the patients were taken from their charts 3, 6, and 9 months after the transplant. The socio-demographic data and personality data were collected by previously trained psychology students. Biochemical/clinical data were collected by medical students, who were also previously trained for the activity. This study was approved by the Research Ethics Committee and all participants gave their written consent.
Measurements
Questionnaire on socio-demographic and clinical data
The socio-demographic data collected were the name, sex, age, race, marital status, occupation, and whether the subject had children. Also investigated were the type of donor (cadaveric or living donor), previous or current psychological/psychiatric treatment, use of medication for depression, and time on the waiting list.
Biochemical and clinical chart Data assessed were the presence of hypertension, infection, acute rejection episodes, estimated glomerular filtration rate (eGFR/calculated using the CKD-EPI), graft loss, and death.
Factorial Personality Inventory (BFP) 19 Personality traits were evaluated by Factorial Personality Inventory (BFP). The BFP is based on the Big Five Personality Trait Model (Big Five). It consists of 126 items on a Likert scale scored from 1 to 7. The more accurately the relevant phrase describes the person the higher the score marked on the scale. (1) Surgency, (2) agreeableness, (3) neuroticism, (4) Conscientiousness, and (5) openness. In order to facilitate data interpretation, scores were converted into percentiles and classified into ranges. Low: up to 29; Average: between 30 and 70; high: over 71. Reliability was calculated using Cronbach's alpha. Neuroticism: 0.832, surgency: 0.801, agreeableness: 0.698, conscientiousness: 0.752, and openness: 0.719. Thus, given the satisfactory results obtained for the instrument's internal consistency, there is evidence that the validity of the BFP's internal structure remains intact.
Statistical analysis
Hierarchical cluster analysis followed by the k-means method was used to assess personality types. Cluster analysis involves grouping data elements based on their similarity. Groups are established in such a way that elements in the same group are more similar to each other than to those in other groups. Furthermore, the structure of the five personality factors, analysis of cluster used the raw scores of each of the factors to form groups. Among the groups the average scores for each factor are statistically different, implying groups represent different personality profiles.
Data distribution was analyzed by the Kolmogorov-Smirnov test and results were presented using descriptive statistics in the form of absolute (n) and relative distributions (%), as well as central tendency and variability measures.
Pearson's chi-square and Fisher's exact tests were applied to analyze categorical variables in relation to the clusters. Continuous variables were analyzed using the Student's t-test and Mann-Whitney U-test.
Possible differences between the clusters in the three assessment periods were investigated by repeated measures analysis of variance (one-way ANOVA) and sphericity was evaluated using Mauchly's sphericity test (sphericity determines whether the technique is suitable for data assessment and whether or not the data provide reliable results in the sample). The Greenhouse-Geisser correction was applied to those data sets in which sphericity was not assumed. In the event of differences established via ANOVA, a multiple comparison tests (post hoc) was conducted with a Bonferroni correction.
Measurements were compared over time and between groups using repeated measures analysis of variance (two-way ANOVA) in order to test the effects of time, clustering, and time Â cluster interaction. Data were analyzed using the Statistical Package for Social Sciences (SPSS Inc., Chicago, IL 2010) version 20.0 for Windows, adopting a significance level of 5% for statistical decision criteria.
Results
Two clusters were compiled (Clusters 1 and 2/ Figure 1) . With respect to characterizing the personality types for each cluster based on average personality scores (Table 1) , it was found that patients in Cluster 1 (n ¼ 61) exhibited average levels of neuroticism; high surgency, agreeableness and conscientiousness scores, and low openness. Cluster 2 (n ¼ 53) showed high neuroticism scores, average surgency, agreeableness and conscientiousness, and low openness levels (Table 1) .
No significant differences were identified between the two groups in terms of socio-demographic characterization of the sample for the two types ( Table 2) .
The remaining clinical variables and variations observed between the two clusters were also not representative in this sample ( Table 3 ).
In regard to the clinical/biochemical variables monitored at 3, 6, and 9 months, the two clusters exhibited similar behavior in terms of hypertension, infection, acute rejection, graft loss, and death ( Table 4 ).
Analysis of eGFR data ( 
Discussion
This study aimed to investigate the association between personality traits, clinical/biochemical changes over a 9-month period following kidney transplantation. The two clusters identified by statistical analysis exhibited intergroup differences. Low levels of openness were observed in both groups. There was no difference in demographic data and clinical/biochemical variables (hypertension, infection, acute rejection, graft loss, and death) in the two clusters. In Cluster 2, scores for surgency, agreeableness and conscientiousness were within the average range, whereas high levels of neuroticism were observed. High neuroticism is related to emotional distress, emotional dependency, insecurity in different situations, and psychological instability. This result demonstrates that characteristics of emotional instability, depression, and psychological distress may be prevalent in this group of patients. However, Cluster 2 showed better eGFR levels when compared to patients from Cluster 1.
This result differs from other studies, since research investigating health patterns and personality in healthy people found that high neuroticism levels were harmful to health. [20] [21] [22] By contrast, in a study of healthy women, all-cause mortality was lower, with greater neuroticism associated with longer life expectancy. 23 In addition, in elderly patients neuroticism was also identified as a protective factor. 24 Increased psychological distresses in kidney transplant patients may prompt greater protection and care from health care staff in the initial posttransplant months.
Both groups in this study obtained low openness scores, revealing similar results to other samples of heart and lung transplant recipients. 25 It is important to underscore the significance of this factor in the population under study since it may indicate the relevance of this trait. This is because low openness scores may reflect a reluctance to change lifestyle habits and little interest in new activities, as well as difficulties in situations that differ from the norm. 19 An adjustment period of up to 1 year is expected for transplant patients following the procedure. During this time, patients are learning and adapting to their new health situation, which involves adhering to a routine of tests and medication. The openness trait seems to reduce the chances of diagnosis for several diseases, suggesting a greater impact on health than previously thought. 26 Additionally, openness was identified as a protective factor in health processes and is a good indicator in predicting effects on social adjustment levels. 27, 28 In kidney transplant patients, a low openness score was associated with poor adherence to treatment. 8 On the other hand, the mechanisms of association between the openness trait and different diseases has yet to be fully elucidated, since high or low scores may stimulate behaviors that influence health, such as physical exercise, diet and smoking, among others.
Transplant procedures tend to promote anxiety and emotional distress since issues involving the possibility of death and transplant success can result in insecurities that are partly related to the transplant process itself. Thus, personality traits are one of the variables that may determine the choice of coping strategies, whether adequate or not, as well as an emotional pattern that enables people to deal with stressors. Regarding the quality of life of transplant patients, it is understood that the suffering is caused not only by the disease but also the treatment and waiting for the transplant, which decreases patients' quality of life. However, personality dynamics may contribute an important mechanism in adaption to the situation experienced, allowing, according to the characteristics of each person, greater or lesser capacity for autonomy and wellbeing. Therefore, although transplantation has a positive impact on the physical quality of life of people, the assimilation time of the emotional aspects involved almost always differs to the clinical process, making the process of transplant adaptation complex.
The first year of monitoring for transplant patients involves increased assistance from their caregivers. This may explain the results found since during this time patients are being cared for and are less autonomous. It is possible that chronic renal disease and/or transplantation enhance the openness trait precisely because of the limitations that dialysis or even transplantation causes in patients. In addition, the distress caused by treatment prior to transplantation can affect levels of the trait in CRF patients. In a recent study, openness was associated with longevity and the emergence of diseases. 29 The stability of personality traits throughout life and during life events is controversial. 30 According to some researchers, although personality traits may change throughout life, individuals exhibit specific behavioral or relationship tendencies. 31 Others report that the impact of stressful events on the personality may be temporary. 32 As such, despite the numerous studies evaluating the relationship between personality traits or types and health, little is known about the impact of personality types on the biological behavior of kidney transplant patients. 22, 25, [33] [34] [35] The different methodologies applied in the investigations mentioned here and the present study may have contributed to the differences in the results obtained. In addition, the follow-up time in longitudinal studies seems to be a predictor of different results. Studies that correlated personality traits with different diseases used longer assessment periods, which enabled associations to be made between personality types and the development or maintenance of different pathologies. 17, 26 On the other hand, in chronic renal failure and kidney transplant patients associations with personality traits, were made using a cross-sectional study design. 8, 36, 37 The analysis method applied in the present study sought to monitor patients over a 9-month period after transplant surgery, evaluating clinical data with a 3-month interval between assessments. It is possible that the 9-month post-transplant period is somewhat short to assess the evolution of clinical parameters and association with personality types since it is during this period that patients receive the most medical care and support.
Even when the transplant demonstrates good results, patients are still suffering from a chronic disease that requires lifelong medical supervision. Important questions emerge regarding the post-transplant period. Do transplant recipients maintain the same biological patterns 1 year after the procedure? Will patients who are more prone to emotional instability maintain good clinical results 1 year after transplantation? One hypothesis is that behavior patterns that affect clinical variables, such as adherence to treatment, smoking and diet, are being monitored and influenced by the clinical care team, particularly in the early months. Transplant patients have a strong bond with care staff, particularly in the first year after surgery, during which time they are systematically evaluated and the fear of organ rejection is most present. As such, poor treatment adherence in the patients who exhibit the personality type in Cluster 1 may be minimized due to the influence of caregivers. Patients who are potentially vulnerable to emotional instability will likely express the concerns caused by the post-transplant period more intensely and may, therefore, be more easily identifiable by caregivers and family members. Once identified, care staff and family members may intensify post-transplant care. It is possible that patients who receive social and family support and medical care present good results in the first year, while indications of restored health may lead some patients to neglect treatment after transplant. 38 In liver, heart, and lung transplant patient's insufficient social support was associated with poor adherence to immunosuppressant medication in the first year after transplantation. 6 The findings of this study contrast those of several other investigations that evaluated personality and health behaviors; however, other studies also observed a positive association between low neuroticism, mortality, and morbidity based on biological parameters. 11 Although a number of studies have associated personality traits with the disease, it is not entirely clear whether these same traits are predictors of the clinical course of certain pathologies. One possibility is that personality traits are connected differently in different diseases.
In this study, patients with high levels of neuroticism showed better results in terms of renal function. In light of this finding, it is possible that neuroticism is an important factor in health care and protection in the first year after transplant; however, it is not yet known whether this pattern of better clinical conditions continues in the long-term. The renal function levels observed in this study may not be directly related to personality types. Nevertheless, indirect behavioral relationships may mediate good or poor clinical results.
These results should be interpreted with caution since the possible mediating effect of behavioral variables on the clinical results obtained was not assessed. This is because people with different personality types also behave differently in different situations. The results demonstrate that the renal function variable is associated with personality traits. One of the findings of this study corroborates the personality types described in this sample.
After analyses, the resulting two personality types differed significantly for all traits except openness, which is interesting because patients could have been highly heterogeneous in terms of personality traits. This finding raises questions regarding the extent to which personality traits can lead to the development or perpetuation of disease. In light of the results, future studies should include other variables that significantly influence health, since health behaviors are regulated by multifactorial aspects. The personality type that points to high neuroticism and average surgency, agreeableness and conscientiousness scores was associated with higher eGFR. The relationship and quality of the bond with multidisciplinary teams in the first year after transplant may be a major differential to be considered in future research and at different transplant centers.
